INTRODUCTION
Mismatched heteroepitaxy of 111-V semiconductors is a subject of great interest due to its important applications in the field of electronic and optoefectronic devices [I] . Despite of the interest and efforts spent on the growth and characterization of this class of materials, there are only a few works presenting direct measurements of their structural parameters. EXAFS would be the most suitable technique to get information about the short-range structure of these compounds but it cannot be applied in a straightforward way due to the peccliar nature of the epitaxial samples: too much thin to be measured in transmission and often grown on a substrate having some of the atomic components in common with the epilayer, giving rise to a large background signal. Alternative approaches, as glancing-angle EXAFS or SEXAFS, have been used [2, 3] but they solve the ~roblem only in Dart. since the signal collection is restricted to a few monolavers below the surface, allowing a qu&i-surface heasuremenk ofvery thin layers.-he aim of this work is to study the struct& properties of different strained 111-V semiconductors sam~les using the alternative a~~r o a c h given bv the DAFS s~e c t r o s c o~~. This s~e c u o s c o~v , based on the principle that absorptidn-like inf;;rmation can alsoA& obtained from scattering measuremeik, can combine theidvantages of X-Ray Diffraction (XRD) and XAFS [4]. It provides XAFS-like information about a long-range order subset of atoms selected by diffraction (site selectivity). Like XAFS, DAFS is chemically and valence specific (chemical selectivity). The advantage of DAFS for studying this kind of systems, is that it allows to get the structural information from the epilayer, as a whole, just by choosing the correspondent Bragg peak (site-selective Bragg peak) of the strained phase. The samples we measured represent two different regimes of strain. In one case the sample is a Strained Layer Superlattice (SLS) of (GaP)2(InP)3 grown on a (001) GaAs substrate. The subindexes 2 and 3 refere to the number of atomic monolayers (h4L) constituting the individual Gap and InP layers. The overall SLS thickness is 2500 A. Both components present a large mismatch (-3.6% Gap, +3.8% InP) with GaAs giving rise to a large biaxial deformation in the individual layers. Nevertheless the strain is of opposite sign, i.e. tensile for GaP and compressive for InP, so that its net value in the SIS as a whole, is ver small, favoring the structure stability. In the second case the sample is an epilayer of G~A S I -~P~ , with x=0.225, 5000 d: thick, grown on a GaAs (001) substrate as well. Due to the high thickness the strain tends to relax by generating misfit dislocations and cracks. The strain anyhow is not yet completely relaxed since XRD measurements show the presence of a "residual" strain of about the 0.5%. In this way we can compare, among other things, measuring the DAFS at the Ga k-edge, how the strain can affect the same kind of bond, Ga-P, in different systems.
EXPERIMENTAL AND DATA ANALYSIS
The samples have been grown on semi-insulating GaAs (001) oriented substrates by Atomic Layer Molecular Beam Epitaxy (ALMBE). Thegrowth details are reported elsewhere [5] . The XRD spectra, taken on the (004) and (115) Bragg reflections, to measure the lattice parameters perpendicular and parallel to the surface, show the epilayer Bragg peak well visible and separated from the substrate contribution. The DAFS measurements have been performed at the beamline D2AM at ESRF (Grenoble, France), that is dedicated to anomalous scattering studies. The DAFS spectra were recorded at room-temperature, at the Ga Kedge (10367 eV) for both samples, on the (006) Bragg reflection. A top-DAFS -scan procedure was used for recording the spectra. It consists in measuring the diffracted intensity at the top of the reflections while scanning the beam energy. In the present study the structural information could be obtained with single site-selective Bragg reflections, i.e. the reflections belonging to the epilayer. In such a case there is no requirement to know the crystallographic structure [6, 7] .The DAFS spectra were analysed following a Kramers-Kronig iterative procedure [6, 7] to obtain the real, f, and imaginary, f', anomalous parts of the complex atomic scattering factor of Ga. It has to be noted that the absorption correction is negligible for the low Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1997225 C2-750 JOURNAL DE PHYSIQUE IV thicknesses of the samples studied, in any case the Kramers-Kronig iterative procedure allows to correct the spectra for absorption as well (that is actually the only way to do it in case it is needed). Once f and f' are obtained, the data are processed according to the standard EXAFS data analysis procedures.
The raw DAFS spectra are shown, together with the correspondent f and f' components, in Fig. 1 The EXAFS spectra have been extracted from the f' spectra shown in fig.1 , according to the standard background removal techniques and are shown in fig.24 together with the EXAFS spectra of the experimental models of GaAs and GaP bulk samples measured in transmission mode. The corresponding l T , are reported in fig2 b). The k range used was from 2.5 to 11.9 8, for the SLS, and from 2.8 to 9.5 8, for the GaAsP epilayer. The EXAFS spectra of the two samples ( C U N~S c and d) are quite different from each other as expected from the different backscattering elements, mostly As for the GaAsP epilayer and only P for the SLS. In the case of GaAsP the EXAFS spectrum looks clearly as a mixing of the GaAs and Gap model spectra, while for the SLS it's similar to the GaP model but definitely less structured. No appreciable second shell contribution is observed in the SLS FT spectrum. In order to get quantitative information from the EXAFS data, we have performed a least-square data analysis of the first and second shell of the GaAsP epilaya and of the first shell for the SLS. Data were Fourier filtered to isolate the contribution of the first and second (only for the GaAsP sample) shell .The results of the best-fit procedure are reported in Table 1 and the best-fit curves, for the first shell, are shown in fig.3 , compared with the experimental filtered signals.
The results for the SLS show a change AR = 0.04 8, for the Ga-P bondlength. It seems to be slightly higher than the value previewed by the elastic theory [8], although the difference (0.01A) it is still within the uncertainty on the determination of R. On the other side deviations from the elastic approximation have been observed [9] for highly strained systems, as InAflnP, with layer thicknesses lower than 10 A (3-4ML). As mentioned above, the I1 shell contribution for the SLS is quite small and a second shell analysis is not possible. We want to notice that this is not due to a poor signal-to-noise ratio, as can be observed in fig.2 . The reason is instead the mixing, as Next Nearest Neighbors (NNN), of Ga and In atoms whose phases interferes destructively, producing a severe reduction (about a factor of 2 in theoretical simulations) of the NNN contribution. The results for the GaAsP epilayer show a value of 2.36 A for the Ga-P bondlength, i.e. equal to the distance in bulk Gap, and a distance of 2.40 A for the Ga-As pair, that is shorter than the crystallographic value for GaAs, 2.448 A. These values can be compared with the bondlength deformation obtained for diluted alloys of GaAsP in ref. 10 . In that case the maximum deformation observed is of -0.022 A for the Ga-As and of 0.021A for the Ga-P pair, for very low concentration, less than lo%, of the pair considered. In this case it is instead the Ga-As bond which accommodates the deformation in terms of bond compression. It means that the residual built-in strain still acts on the lattice. The Ga-As bond is in this sense more able than Ga-P to adapt to strain, as expected from the lower elastic constants of GaAs. This is in very nice agreement with Raman measurements performed on the same sample [Ill, showing that the strain-induced shift of the Raman peaks is higher for the GaAs-like vibration than for the Gap-like mode. The only way to explain the result is to assume that the built-in strain affects more the Ga-As bond than the Ga-P bond. The result about the I1 shell of coordination shows that the NNN distance is lower than that previewed by the elastic approximation, as expected due to the release of strain occurred in the sample. The value we obtain coincides with the value deduced by diffraction, giving a further confirmation of the reliability of the DAFS results.
